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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a two optical signal generator 
which is capable of changing two frequencies having an optical frequency 
difference wider as compared with the conventional example and also in 
which the setting accuracy of the frequencies is satisfactory, 
SOLUTION: An optical transmitter 101a makes an optical signal which is 
obtained by applying an intensity modulation to the optical signal 
generated by a single-mode distributed feedback type semiconductor 
laser device 21 by an external optical modulator 25 being a Mach- 
Zefhnder type optical modulator having a non-linear optical modulation 
characteristic while using a high frequency signal having a prescribed 
ratio frequency fRF/2 a master optical signal and generates two optical 
signals having the optical frequency difference of the radio frequency fRF 
to be selectively generated from multimodal optical signals by allowing 
specific two-mode optical signals to be injected synchronously while 
optically injecting the master optical signal to a Fabry-Perot type laser 
device 29 whose Q value is lowered. 
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2 1 a.t,zx^x%^fih%m^yrf) -^.o-m 

*m#\s~ tmS2 9fcft?±A-f!>ifcifc, 7r/'J 

• ^o-S^«sl^-^E2 9^J:oTf&±^ni)7t 

ft^^^jfsa^^p— mm2 1 atc^aAf i> 

LX^h. 

[OO38]03C*JV^, £SMI#»£»3 0*>fcC0 

f RF ^ 1 / 2c7)fc^/g-«2-i-r§sji^fi 
^■(ift^»ti^3 1 atLx^nmm^mwv— ? 
m.2 1 ac/^rxmat i-cEPfln§*i.g». #7i5'j§3i 

u 8zx'%±t&m*7*AJiztiz>^mmM^m 
~>xmm$mLx. ?m<n^mmmmf^ffyitmmi(. 
&*tt&2m*-'w>%<m*m.Lx. m&2^ 
co^-vcvKimz. ^m%mmm£ix&%<D2 
mytm^imMZ-tiyc? < >v? 40 . ktj 

9 A K 2003tfi^$r7-'^'^^T-^ft^T%S^ii 
^!.HSratf&4 2. ^-^^^^4 3. 
ft<^3fc7 7 4A^-7VP4 4 £fl-LT 7 r7'J ■ 
-SWfcU— fgS2 9C7t?±A-tS. -eLT, 7r 
y.j . ^n-M¥©ttW~ mS.2 9li. SSlOlM 

*»4>. _hlH?±AI^«Btc=i; 0 . m£<0MS/3«$f R F?)ft 
/M(ll£#TM*5£co 2 h'<0W|-£fS£L 
T, (I&f££fft7T^A'^-7;M4, 

^43. 4 5 mmjiKrnm® s^ixm^j 
thituz, mm4 5 comcommmm 
ami/-fsi2 1 anmucoamMmztix . 

f"^S2 1 a(4«i«)¥3j£ftk 

B2 1 a. Jt7^W40, #74 yu-*4 1. ftffi 
ftM«4 2, fty-*j.U-?43. ai>'3fc^HS§54 

5*<;p-7^tcjBis$n. #^§wf^ttu~ mm 

2 1 a£J;~>T^££ft.g>3£fi-^£7T7'J ■ ^o-M 
^frk— !f^M2 9^aA-ri>ti:l>tc. 7 7 7'J 

• ^n-smb-tlt2 9CJ:oT&£$ix!>ft 
ft-^^^JfSM^fr^— fgS2 1 alC3t?±A-fl» 



[0039] v±cox o m^titzmmm 1 o 1 b 

(4, mi ^H!t»®t l§IS&0®||£1tt & fcttt. ffl 

[0040] <Jf?3cDHM2S>II4{4» *j^t«6i 
»3<OW«B!DiTa!,43ta««l 0 1 c *m.ttft?T 

^3<onit«JB«*aflnii o 1 c^mmmt. & 

*-vcr>yemmu%$m£2 5izx mummn 
v/2cmmmizU'>xm£Mi. nmmmif,, 
<r>mm&*ttim.0>2-r><z>m j * (mm) * 

ffl§myt?T4rty--/>\s2s*fti,x~7T7v -^o 
-wmwv-mm. 2 9 izmzx 1 . iMimxzix 
h&BEsmmmin 0 2 ^m^± 

IB^t- H ^3tfl#<o a 2 -pcottfl^fciiA 

raws*. jwe«)ws-f r^mff* J EPJns^cT^^ 
ivr-jfmwKMzmtx . Mmxmmz*>x 
li^-ythztizxo. 7t7V ■ ^a-m^mtku— 
•mm. 2 9 ifimm 2 -xv/trnzmi-t 5 *>s*» 

■^**^-*2 7a>£&R<o«fl!ai. hi i<omi^) 

[004 1 ] H4(C*JVvr, ^»«2 5(1, ^ 
i«SS¥»f*:U— f^B2 1 Ci-o-CM?^*-^ 
-K^ft-f^. »(lfi#»4»3 0tJ:oT«4**l 
fcftttffiftft f rf/ 2 ^*ll8(i#l=^oT3§iJ^PU, 
HaMiHK f rf O3ttffliBB«*r#t&1»Sg<0 2 oo3fe« 

-^2 3. miffi¥fl£7 r^^-f)V2A, K7<)\s 
^2 6, 3t-9--^fal^-^2 7aV«3e«»3t7r>fA 
7--7;W2 8^L-C7r7U • ^u-m^mWV— f 
HS2 9fc^^A-n». Miar^;«(i#f* 
6, ATJ^ixSr^^^r-^fi-fti, aVT^THWS 
5 2tA*SixT. e?imffiSS5 l*><5>^Bfr^e85A' 

x$it)tTx^yUT-^«#(47r7'U ■ ^.a-m^m 

fru-vmm 9taA«^t LTA^^aritsgg^ 

§£12 914, m<9HSS»iifc|S|8Hc. Q* J <ST$ixT 

r s 2 am-t-c* o . ±bk«/ w r^«E«jaT« 2 

[0042] ( a ). 1 : ntfArF-fftW* 
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s 2 9 \m\9Mtm%?> l * v Mi*** * mmm t 
% o , ftw%mm*&fo)s-i t mw. 2 1 frhtmimm 

mmn2^cr>Kmiz&A®wz-£ v&xwtonitv 

mztiWR&m fc 2 o<D*- F iztt&t h jje 
^£<0 2^ft^£?&£lTlIftffi8ft7T4A^- 

7>2 8. #tf--**U-*2 7, ft»lfi5Wft7 
r-f><*--7>3 0 0£:l>LTftgfi«2 0 OCWfr* 

[0043] ( b ) T-X 2 : 9 Qfttfu 

»2 5 £tf-LTft&A$ft&3$MIW&Oftfi^) 0 *> 
cO#£c9 2o<7)ftfi^£. ifE^-FOftfi^^ 

#») . 7r7*'J • ^o-g¥*ttl^~ «fHIB2 9liR 
«*KPI»BcJ£Rfflt fc & o fc 2 OOT - H (c*f J&f * ±12 

y^2 8. %,ir-**\s-?27 . %mw&5m%7 

r>fA>-7";W3 0 0S:^LT^fi«S2 0 0tai^1- 

r7'J ■ ^o-M^ftU— «fSffl2 9t:A**nia 
Am«#£;b*TA£<&oT®ftttfgi:&rK ±Eft 

(&AI»IS!*>:*7tt»> . ftoT. mg<0*»5rU^ 

[0 044] J3UJJWIU;J:$fc:. ^-xiM/^tcfc 

o, 7T7-IJ -^o-s^*w— mw.29m%.<?> 
mmzx 0 . jtJSBjgo 2 ^ftit^jj-yxti^ 

kL -«r*>*, *a«3i««14-CJi±IB«f5e<02-5<0 

$r^yX{i^7fc-TI>„ lot. 0U.fcfEll2<OiS«S 
fl$2 1 0{cfc^T«|^iM^*^yX(i^7$ix^2 

[ 0 0 4 5 ] fih>T, , SS4tf>t)g* 

CT^7^^^^fc-t|-f. 7r7*U -^o-M^ 



-5 T , Sit a X F 3&«$fliT» 0 , WfArf 
[0046] <SE4Wl6St»SI>05tt, 

[0047] ;»S4 CDXM^aX&fltt 1 0 1 d tc 

&\s-ms.2 uzXixmLZtitzminrnz (%m 
mkf 1 1 ) SrW^am-t-H^Ttft^S'^gB^p 

2^com*T im».&f 1 . f 2C7)W» ; ZZX\ 
fl = fll-Af. f 2 = f 1 1+Af ) $r#t^5SJg 
SflSKOJS 1 <03fefi#^3K-9--^ a 1/-^ 2 7 SlXfifct 

ffl^^V— tfga 2 9 t3KaA1-S t fc t fe, m 1 0 
»*fcttJ*$r*W2tf>»£ (*««»f 1 2 ) *qfrt* 

*-se- v<m2<wtm*TV9)W-9^x*m. 

S3R Lfeft. ft-F-* a U-^ 2 7 Rtffll3K«tt#7 r 
■^A*^-7*^2 8&^tT7r7*'J • ^a-M^fltU 
-■*«l2 9t=3teaA-f*. ±ISftflBSW»0 

» i <o3td-f <n o honfcco 2^<r)itm ( f 

1 , f 2 ) $-±12^^- K^Tfefl-f O 3 *>comfeco 2 r> 

<n%m (ftjaHatf i , f 2 ) icaAPffiu^-*, *>o 
m^m.<r)%2<D%m (mrnnf 1 2 > ^±ie^ 

H<03tft^<0 0 *>^ij<7) 1 o<7)3fcff # ( f 
12) £&AR»JS-li\ JJEf-^fl»«)K/HClBfc 
T. ±IE2o<oaXH»!«:i:«)(C3ryXtt3i-7-f*ik 

um%^2-o<D%mim.'fhti^t^x^ 

2 7*»fe»Rw*)«i, HI l^mi^*^Ji:|5]«T' 
[0048] 06tCtJ^T, W»3tefflW»2 5li, 4MB 

ffimmmwis-vmw 2 nc j: o t«±s 1 ^ 

iS* (XISaHftf 1 1 ) t*t6*-t-H«Ml6«# 
fRF/2<0*aBfi-9fcft->T3MESSBL. *Sll^«f 

R F o3tefflia»ft**^4»s6<io2o<%K«-t (mm. 

f 1 . f 2<omiaF») **tr3tt£S3Ba<03t^«:. * 
T^fVU-923, %&msX'hhytti«/T7 63. ® 
5K««f3K7 r -f A>-7VU 2 4 . ft 7 -f /U^ 2 6 . 
-*al/-?2 7 &l>'«ft«#ft 7 7 A t - 2 8 
^LT7t7'J • ^Q-S^flcU— fSS2 9fcft 
SEAtfi. A*$ai»TV^^f-^fl-f(i. » 

wmmmw-v-^m.2 1 c caArngst lta^i 
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&ttth%2<n±m (mmf 12) imti 

•y7*7 6 3, <m.%Wtyr^^y-f)V2A^ ±7 < 
)V?2b, it+r-*3.V~? 2 7&lflH#«J*3fc7 7 4 
A'ir-7*;l/2 8Sr^-LT7r7*U • ^.o-M^frU- 
inS12 9fc3lfiaAf6. 7r/'J -^n-S^*l^ 

-ifmi2 9«. » i nmmmmt FmtzcuMTZti 

JbBtJWWRf l. f2, f 1 2**rfc*»W***£ 

uOUti^-fl 2fflfi#t*>l>. 
[0049] ^LT. ±IEr s J9i\rf—!?teW^ V 

K)vx'bht%\.z, ftmmmmfcv-*m<g.2 1 c 

fcJ:oT«£S*lfcSI2<03fc«* OtJSIftftf 1 2 ) 

7 77"'J • ^n-M^ftU— f^S2 9tc<J;oT 
»4StL6^t-K<Wtf|#<0^%O3fc»a8ftf 1 2(0 
*H#fcaAJ«IW* (&A|i»*yttli) ± 

; &\mwL%^ (&xmmcD*7im) z?iz. mm. 

»6 1«0«OT:*IIWEL'rS52<WKfi^<O7T7*y 

2<03fl8# OtEiftRf 1 2 ) au^WBW&OWSfr 
±&h.4aS2*»ttl# OKffliftSf l 2 ) *>k"Oi<0n 

«(c»w6. zm2<7mm<D&xmmmyxte 

^*U-1fl6B2 9^**tx4rtfctMrVt. ftJH* 
»f 1 2W»2W3t«#i:*-Htt^$*ifc3effl»»f 
1 1 com 1 softft^lM^cO 2 otfOftff -f-OiiA|5li{lj 
^vx\i^7\,z-fh. S^ttifUT. rVtiVr-f 

m^uKMzmtx . -r&fc^ 3era*Rf 1 2«is 

2f5*S#<0^;HCJ6fC, 7r7U ■ ^o-S?¥^ 
ftW— 1P3SB2 9«&ftTOKS-*yXli*7(;:£Pt 
i>. 

[ 0 0 5 0 ] ffi^t, rV^H'-r-^ft-sf^W 
(Oil. aAPIi!<7)3j->«t«fc=5r-5T. ^JfifflJIS^N* 
WV-^fmm.2 1 *><b^SK3t^PS2 5 £tf-t.-C3fc?±A 

£ mmmm^M^cT) ? *>0m&n 2 o<o*fi# 

te&xwmz^x. 7r7'j -^d-s^^v— (fii 
s 2 9 um (cnxisettn t 2 -?<o*- f tc*t 

KPf * JJBWfi^ 2oo^^£8±l,Tflfc6«&#7 



52W^je7r4^7"-7*;U3 0 0*^LT3t3Wl«2 0 

Ok*. &*RJfflO*7#JIi;$:->"r;. J9rJg«0*tt5rV' 

[0051 ] OJUBWi WrJ: 0 fc, fy^l'T-^P 

aAISj«SSr^^X(iJf7iO«®t-r?. l Ii:tctO, 7r 
7'J • ^o-S¥$#U— fi£S2 9*5±E«^27 
W3ee^*5S4-t**»S*»Sr^4 -y 

£0*4«yf-V71W1sfc:J:D. _tSE1*S&02o 

4 xn±Mffi%.<r>2i0)%.m <7)mmwiMX'b%> s u 

SMWRf RFOiHWi^Sr^Xli^k-tl.. fto 
T. WitfHi 2*>*s«»l«2 1 otfcvvtiittiBa 

mm yxit* 7 $ titc 2 m^mmif^m £ tix , 

[0052] JB5tf>aS*01?tt. SMSHIfta&tfJftofc 3 

commmicom^fflmtf&wx\ mmmm* 
mwv-<rm.2 1 cff>mmm.nmmmm<^ 

•c. ^/a«^mi>2ffl^^jijia^f*i^— r 

[0053] <SgBW>H7tt. S3B«fc*Jtti 777 
U • ^D-a^fr^— f^S2 9C0j51jailIJSS:S^-7* 

D 9 ?B7»i. mi^icommmmiza^xit. ± 

7-f/^2 6i:«***B»5kWiat:, jtt-^iU 
-^2 7, «»«»3t7r4A7--7*;l/2 8X^7r7* 
.j . ^o-M¥»»P-1^ia2 9*>^^S3feE»Sr# 

Hsi-fSfcftK. 17tC^-tJ;ot, 7 77'J ■ ^n- 

7'j • ^a-wm^v— rm.2 9*w&?&ffim 
iz$®£bxi>£\\ zzx\ 7 7 7'j -^u-mtmfo 
u-*mw 2 9 (mmizmmmimm-h ztiz 

fc*joTfcn«ic. H7<o7r7*y -^o-a^ftcu 
— mw.2 9^m^xi>x\ / \ 03^2^ 

S4 5t«C, H7603l£@KSrf¥AUTt>J:^. 
[0054] &,±comtmmizti^X . r^'^^r-^ 

S2 1 b, 21c zmix^&fiK *wmziiizmt> 
■t. 'j?%<bmwcoMm*ft±t&fcMz. m% 
mtmaixm: t-commmmaxh ^xi>x\\t 
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[0055] fcLLOliiMUCiJVvC, fl-ffiMOffi^ 
[ 0 0 5 6 ] JiLL^IW.lUcfcVvC, Q*W$iX7t 

• ^d-s^*i/— mw.2 9zm^x^& 

h )s--f$iW%b°co]mX'htitt£i\ 

[0057] &±er>mmmmizii^xi±. mwm^m. 

m^Lx^ttK *%.mzztuzmt>i t . ±iaiSisi 
fomizm ix x m^mmm^mix i> x 

*\ 

[0058] 

KUttfl] WT. SSlW5^!BtfHfc>aii»l OlaJ 

0 G H z Xh 0 - #315 jfcSSffiS 2 5 jEK*<i#ffl» 
ftfi, F /2 = 3 0GH2ififlfT*64:, ^<7)2t-H 

[0059] SEAIS«8i^W«feai*<0^^ h;^08lc 
S^-. #fltfSS£¥*ttl'--irS»2 1 Oft&ftgtt 1 
54 9. 75nm, ^3^iHffi2 5<oai7M£ti- 

1 8dBiti, ^HjgjSiStf RF /2 = 3 0GHz s 7r7' 
•J • ^D-S^«:k-^a2 9^0i£A«ffi<i5 

8 . 5mA, BMB£(i 20.0 °CC$> 9 , 

9 Y)\s<r> i mm$- ldBmtiiJt. 

3S*«tf>6 OGH zcOfcJUtt*'^ WW&H9fcjjc*\ 

7*^4*- h'l 2033ft$MS$rif*£tf>-2 6. 3 

dBmtf>5MES:»fc. tW#>^<»$kt 7-fc 

•y h 1 OOkHzfcfcWt, fifflSft#814- 8 9 d B c 

mmmwmz x 9 mzmtrnzn*. . sura 

2 9«mfc?oiWsi«««Jt) «h» (Hi o ) m 

^7t. 6 0GHzfcfcVvC&*flJf#3 3dB£f#. fljff 
¥fcfitt59GHz~64GHzfcJg?Sff«rc k &4&. * 

fc. m&mm ixMsmat**) m^.mmn4 6gh 

z~7 0GHzfc£V^t#¥iJo7t. -Iftfi, 7r7*'J 

• ^D-a^«su— ma 2 9co&m%it bxcoQm 
m< &Am<nm&mmtf&^tzthx$>$> t 
t>tih . 7 r 7*>; • 9 <tm 

%^ ? V )V^mt 2 0 n mia±T'J) h fc*> . ? - 



I*<1 54 0nmt 1 56 0nm^n, 

[0060] amm itzx 3 tc, *3simc jfitf. 7 

r7*'J • ^n-IfWftl/-fgi2 9£*U-7m: 

«ftSJKKBi* { stcj£v > s y mmmrmiwmzms. 

[006 1 ] *»Pj#£tt. ®3t^4(7)*M 

»«K«**aS[i« 10 1c, 1 0 1 d LTIOI 

(fR4 ff^mgm) bizx^x. #?£<02oo*-k<d 

%m \zn ixTis?jUT-?m%iz&->xmmizm. 
v9)VT—?m<r)2mznmixM v*y?t&z 

[0062] 

[fHHtf#MU J2U*»Ufc J: 3 £«c^ 1 ofHWc 

f&>mm&&G*hVif&> 2 mm^i$ts%m 
mm^zm2cv/tmzmAi. mftmxim 

<r)2^<rmm^zm^nm^x. m2<vm*h, a 

ots 0 ; iJi(ffiUQfIO7r7''J ■^o-a«0S2fMt 
tSfc^Ji. Hl^jSc7)^SrJR l 3#i.ii(f<J:v^^o 

[ o o 6 3 3 *m<7)m2<?>mii.z&& 2%m*m 

SsMUzXtM, At>mmzfe^xm-*:-V<r)ftm^£ 

$mix. j>jfecvmm&iG-ri®fe<o2'ic>>%m 
Kmzw. 2 <03tanc*aA t^m 2 mmfrhvtit 

hm%.<n 2o«ftfI-^£±f££*- H^3tm#«0d *> 
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MU£7t7V ■ -W.com 2 coftMi. 
- KIMIflHftMKV vfc*> . -7X 7 — (RiJcoss 1 <t»?)?& 

swiiRa^aswEii^flK , tan* ml • mmit* 

mAtft>&. ffiSfcfiBffl&AUO^co-C. 
[0064] $ fee :*«tf>3l3«ofM!«S& 2ttii^ 

2oowt£±ie^- Ho3tft^co a Tortm?) 2 

UEfi? 2 03ftS#±IBft£tf> 2o«we«#t»4"t*3&> 
7 4/l/7£i#gfcl2"f, ^W^tttLTxi^WT 

[0065] *fcS4>fc. #HW84<0SMIifcfc* 2* 

«otsaiLfc«o*iw3t<s^fc. %,2<n±m*h<?> 
m 2 coim^ tzm nymiztmA i . jjKsmfco 

-tt. ^O±ie^lif*<0|g2<0*fi#Sr±lS^ ; E:-K^ 
U^tcfctT* ±ie2ooaA|S)^Sri:t 



Mll£7 r 7* U • ^D-M¥$tt U-U'Sit* 4tt>SI 3 

m 2 cDmcD%mm®.®comm.mtf&< * o . #*o 

MofSMOT!] 

[an *»HBt» sas i o**«airc* a ft&tifls 

i o i acomm^-ty^-y^mxhh. 

[02] *%H^(c« s $ i commmmcommix'h & 

0 1 aa^«)£if:*t7'n.y70T'£>&. 
[03] *»H^tffi4»2<0lOt«}B-C**Jiesm« 

i o i bcDmmKtyvvfmx'bz. 

[04] *^tffism3<onjee®T-j>s3^fna 

•tyuvtrnx-hh. 

[05] *mim&m<omimmx'h&XMm 

1 0 1 d t367 t 'f a-ij y ? y^f A<0Mi^ 

•t7u»,9mx*bh. 

[06] 05 OftttNffiN 5 c0tB7J^«7J K;U0ft 

[07 ] aaw«=i3»*47r7*y • ^o-smsfl^ 
-<mw.2 9<Dwmm^-$7v trnx-bh. 

[08] 01O*5Sfll81Ola*»feffi*Sfl&2o 
C0*fi-^W7.^.7 WL-£^-f7.^7 

[09] 08O2o<^ft^£ftl^&L£fc£<O4l 
ISfl^Ojgj&ifcx^? ^£^7.^7 W143T&&. 

[010] miwytmmioiafcii^x&xffi® 
mmcomum^commmmmcofmmt^tmx'b 

[0ii] micDfe%mco%7T'(jv)y7i/A7-j* 

[0i23 mi commicom^im 2 1 0 <m*& 

^•T7'n-y70T*)S. 

[0133 01 l^)3KHIfilll 0 ltm§ftS20 
c03tft-tO3tMl«7.^7 h;l-5:75t7.^7 h/umX'h 
4. 

[0143 011 o^iMftii 200 -csOTsana*)* 
jRftf^tawiaaft^^^ h;psr7K-r7.^7 h^0t*A 
h. 

2 1, 2 1a, 2 1b, 2ic-ftwmw*mft\s- 

2 2-»i<7)j'haaaH«. 
2 2 *-4m%fem* 

2 4 -«»«»3K7 r 4J<*-7^ 
2 6-%7 
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2 7-3fr0-^Pal/-*\ 
2 8-S$L&fflty r 4 

2 9-7r7"'J • "ta-S¥*f|cl"- »Fgffi, 

3 0-SWB&& 
3 l"-ffJffi01Mfflk 

3 2, 5i-ea«E*. 

3 3. 5 2-^-fr^T0», 

4 2-weiaMflk 



4 3 

4 6, 4 7-3t7>fVl'-2\ 
6 l-3te8fN», 

6 2-3tr>f yu-*\ 

6 3-^-y7"5, 

101a,.101aa. 101b, 101c, lOld 
■••3t)MfS1S. 



[HI] 



[0133 



ttiXf§fll 101a 




21 



22 



23 



1 



£^-^26 





&H3 









J * 



1 r 

25 26 



0) 



27 




[023 



[0143 



X&mm 1 01aa 




$51 



21b 



23 



1 J 

25 26 



l 27 




[073 



Kim 



46 


29 


47 
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[03] 



30 



31 



41 



Sftltt 






J 



42 



45 



43 



[04] 
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[05] 



21c 
i 



Li 



S9 



xw&m ioid 

29 

S_ 



25 

A 



63 T 26 C^ 28 ^"n" 
27 j | 



f RF/2 



*tefM 200 
.i 



12 
A. 



15 



14 



J 



[06] 



fl Ml f2 











r i ' i ■ m r ■ r • iff it 

i 



-20 



.40 



-60 
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